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Phytoestrogens are diphenolic, non steroidal compounds which are present in 
plants and are consumed by both humans and animals. Previous investigations have 
demonstrated that dietary phytoestrogens appear to have neurobehavioral effects on 
intermale aggression in male Syrian hamsters and the neural mechanisms require further 
exploration. In this study experiments involving a phytoestrogen (PE) and a 
phytoestrogen free (PE Free) diet were performed to determine whether or not diet had an 
effect on the expression of a and p estrogen receptors in the brain of male Syrian 
hamsters (Mesocricetus auratus). Twenty male hamsters were used for experimentation 
and animals were divided into a PE (n = 10) and a PE Free group (n = 10) for a period of 
3 weeks. Animals were sacrificed, perfused and brains removed for subsequent protein 
extraction and immunohistochemisty. Estrogen receptors were quantified using western 
blot utilizing brains from both the PE and the PE Free group. Results revealed a wide 
spread distribution of estrogen receptors throughout the brain of male Syrian hamsters. 
Positive irnmunoreactive labeling was observed in the thalamus, hypothalamus, 
amygdala, cortex and hipoocampus. Sections were matched and comparisons were made 
to determine which estrogen receptor had a higher rate of expression. Results revealed 
higher levels of ERP binding in comparison to ERa. In addition, there appeared to be a 
higher expression of estrogen receptors in animals on the PE Free diet (p < 0.05). Overall, 
results obtained form western blots support the hypothesis that animals on the PE Free 
diet experienced an increase in ER expression. Moreover, immunohistochemistry 
revealed visual differences of estrogen receptor expression in the brain and data suggests 
that a diet lacking phytoestrogens can up regulate estrogen receptors in male hamsters. In 
summary, we have demonstrated that manipulating the diet can have neurobiological 
consequences and future research should consider diet as a significant factor in 
experimental research on the brain. 
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CHAPTER I 
INTRODUCTION 
Estrogen plays a vital role in the maintenance of male and female reproductive 
tissues in addition to its effects on many physiological processes of the human body such 
as cardiovascular health. Deroo and Korach (2006) reported that the occurrence of 
cardiovascular diseases is low in premenopausal women but increases after menopause. 
These interesting findings seemed to have implied that estrogens protected the female's 
cardiovascular system. Data from animal models and clinical studies demonstrated that 
reduced levels of estrogen receptor alpha (ERa) have been associated with the 
development of coronary artery disease in females (Losordo et al., 1994). In coronary 
artery samples from both pre and postmenopausal women, there appeared to be ERa 
expressed in the majority of normal arteries, but only a minimal amount of ERa 
expression was obtained from women with coronary artery disease (Losordo et al., 1994). 
Estrogens have been reported to play a key role in maintaining bone integrity by 
regulating skeletal homeostasis in both males and females. Estrogens have been shown to 
contribute to the inhibition of bone turnover by reducing osteoclast mediated bone 
resorption and enhancing osteoblast mediated bone formation. In present clinical studies, 
both estrogen and raloxifene are presently being used for the prevention of 
postmenopausal bone loss (Deroo and Korach, 2006). Estrogens also behave as 
neuroprotective and neurotrophic factors and may significantly influence memory and 
cognition in humans. 
In several spatial skills tests, males have outperformed females causing 
investigators to believe that the sex difference is due to the presence of testosterone or its 
metabolite, estradiol in the brain (Lephart et al., 2004). 
Estrogen is the by product of the metabolism of testosterone. Two different 
enzymes act on testosterone; Sa-reductase metabolizes testosterone into 
dihydrotestosterone, while aromatase converts testosterone into estradiol (Pettersson and 
Gustafsson, 200 1). The aromatase and Sa-reductase pathways represent mechanisms of 
steroid hormonal action in the central nervous system (CNS), especially in regions that 
play regulatory roles in neuroendocrine functions, reproductive endocrine physiology and 
sexual behaviors, such as the hypothalamic region during pre and post natal development 
(Lephart et al., 2000). In males, estrogen biosynthesis is catalyzed by a microsomal 
member of the cytochrome P450 super family, namely aromatase cytochrome P450. This 
heme protein is necessary for binding of the CI9 androgenic steroid substrate and 
catalyzing the series of reactions leading to formation of the phenolic A ring which is 
common to estrogens (Pettersson and Gustafsson, 2001). Aromatase cytochrome P450 is 
an enzymatic complex composed of two proteins: a NADPH (nicotinamide adenine 
dinucleotide phosphate) cytochrome P450 reductase and a cytochrome P450 aromatase 
with a binding pocket (Carreau et al., 2003). Aromatase P450 is located in the region of 
the brain where estrogen is essential for male behavior. 
Estrogen must interact through the use of estrogen receptors (ERs). 
Transcriptional activity of these ERs depends on receptor dimerization. As members of 
the nuclear receptor superfamily, ERs have an N terminal AB domain that is involved in 
transactivation of gene expression. The C domain contains a two zinc finger structure, 
which participates in DNA binding and receptor dimerization. The C terminal ligand 
binding domain (EIF domain) is crucial for binding of receptor specific ligands, nuclear 
translocation, receptor dimerization and modulation of target gene expression (Pettersson 
and Gustafsson, 2001). ERs exist primarily in two forms ER alpha (a) and ER beta (P). 
Both ERa and ERP h c t i o n  as homodimers in the majority of cells (Lephart et al., 2000). 
Both ERs are encoded by separate genes, ERa is encoded by estrogen receptor l(ESR1) 
and ERP is encoded by estrogen receptor 2 (ESR2) and are found at different 
chromosomal locations. ERa is located on human chromosome 6 and ERP is located on 
human chromosome 14. ERa stimulates transcription of target genes by means of two 
distinct activation functions or AF, AF1 in the N terminal domain and AF2 in the ligand 
binding domain. The activity of AFl is ligand independent and constitutive but can be 
modulated by phosphorylation by the mitogen activated protein kinase (MAPK) pathway 
in response to growth factors. The activity of AF2 which, depends on the binding of 
estradiol, is reduced or abolished by mutations in a C terminal helix (Lephart et al., 
2000). A subtle difference between the two in their ligand binding pockets is the 
exchange of leucine 3 3 8 in ERa with methionine 3 84 in ERP. When both ERs were 
complexed with estrogen they were shown to signal in opposite ways from an activating 
protein- 1 (AP- 1) site, with estrogen activating transcription in the presence of ERa and 
inhibiting transcription in the presence of ERP (Gustafsson, 1999). 
Phytoestrogens are estrogenic plant derived non steroidal compounds which are 
able to bind to estrogen receptors in an agonistic form with high affinity. The three main 
classes of phytoestrogens include the isoflavones (soybeans and clover), lignans 
(flaxseed) and coumestans (alfalfa) (Brzezinski and Debi, 1999). As a result of their 
ability to compete with endogenous estrogens for estrogen receptors in the body, they are 
used in estrogen replacement therapy (ERT) for the treatment of many diseases. 
Phytoestrogens are often described as natural selective estrogen receptor modulators 
(SERM's) and are believed to alleviate the symptoms of menopause and osteoporosis 
(Weber et al., 2001). 
Our preliminary studies have demonstrated that dietary phytoestrogens appear to 
have neurobehavioral effects on intermale aggression in male Syrian hamsters through 
the action of the steroid hormone testosterone (Moore et al., 2004). However, not much 
evidence exists regarding the effects of phytoestrogens on other steroid hormones. More 
importantly is the limited information of the effect of dietary phytoestrogens on the 
behavioural patterns in hamsters. Since there is a direct correlation between estrogen and 
testosterone, it would be interesting to observe how this testosterone product responds to 
exposure to phytoestrogens. Therefore, the purpose of this investigation is to expand on 
the premise that diet manipulation can affect brain physiology of male hamsters through 
the use of estrogen receptors located throughout the brain. 
Preliminary data in our laboratory demonstrated a greater expression of androgen 
receptors localized within various regions of the male hamster brain as well as estrogen 
receptors localized within the female hamster brain in response to a phytoestrogen free 
(PE Free) diet rather than a phytoestrogen diet (PE). Therefore, we hypothesized that 
male Syrian Hamsters exposed to a PE rich diet will experience a decrease in estrogen 
receptor expression compared to those on a PE Free diet. To test the above hypothesis, 
the following specific aims will be investigated: 
1. To determine the expression and distribution pattern of estrogen receptors in 
the brain of male Syrian hamsters. 
2. To determine the degree of estrogen receptor alteration in the brain of male 
Syrian hamsters on the PE and PE Free diets. 
3. To determine which estrogen receptor has a greater degree of expression in 
the brain of male Syrian hamsters. 
By fulfilling these aims, a better understanding and knowledge of the actions of estrogen 
and its receptors will be gained. 
CHAPTER I1 
REVIEW OF THE LITERATURE 
Estrogen Action 
Estrogens are steroid hormones that have the ability to control growth, 
differentiation and hnction of many target tissues (McEwen and Alves, 1999; figure 2). 
Fig. 2. Schematic diagram showing estrogen action in the brain. 
In the central nervous system estrogens play a pivotal function in the 
masculinization of brain structures involved in neuroendocrine control of gonadal 
function and reproductive behavior. In males and females, estrogens influence both 
sexual and mating behavior thus challenging the belief that it is a female only hormone 
(McEwen and Alves, 1999). 
These lipophilic molecules can regulate brain functions by either genomic or non- 
genomic actions via membrane receptors which trigger physiological responses. Genomic 
action is initiated by estrogen's binding with specific receptors which activate gene 
expression at the nuclear level. The three main forms of estrogen are 17P estradiol, estriol 
and estrone. They are able to diffuse in and out of cells with high affinity and specificity 
in target cells by an intranuclear binding protein, called the estrogen receptor (Moore and 
Evans, 1999). 
Estrogen Receptor Expression 
There are two types of estrogen receptors, estrogen receptor alpha (ERa) and 
estrogen receptor beta (ERP). To date, the greatest amount of information regarding 
estrogen receptor expression patterns has been obtained specifically from the rat. 
Numerous experiments performed on both male and female rats have demonstrated a 
wide spread localization of both receptors in the central nervous system (Shughrue et al., 
1997; Simerly et al., 1990; Lauber et al., 199 1 ; Shughrue and Merchenthaler 200 1 ; 
Osterlund et al., 1998). Further studies have been performed using mice (Shughrue et al., 
1997 and 1998; Rissman et al., 2002; Mitra et al., 2003; Kudwa et al., 2003 monkeys 
(Gundlah et al., 2000; Simon et al., 2004; Maclusky et al., 1985) rats (Wang et al., 2001; 
Perez et al., 2003; Kalita et al., 2005) and humans (Osterlund et al., 2000). Results fi-om 
these investigations have shown that estrogen receptor expression differed from species 
to species. Experimental procedures also indicated that there was a greater yield of 
estrogen receptor expression in human tissues via an immunohistochemical approach in 
comparison to RT-PCR and in situ hybridization (Taylor and Al-Azzawi, 2000). 
Recently, the mouse has become a valuable species to identify steroid hormones due to 
the availability of transgenic /knockout models. Animal models which lacked these 
receptors exhibited specific phenotypes which can be used to evaluate the role of ERs in 
disease and normal physiology (Wang et al., 2001; Weber et al. 2001). 
Previous evidence has implicated multiple roles for estrogen in the brain. It was 
believed to influence the survival of neurons in persons suffering from age-related 
neurodegenerative disorders such as Alzheimers disease (Deroo and Korach 2006; 
Slooter et al., 1999; Paganini-Hill and Henderson, 1996 ;), Parkinson's disease (Shulman, 
2002) and brain injury caused by stroke (Dubal, 2001; Wise et al., 2000). Investigations 
performed by Dubal et al., (2001) indicated that of the two estrogen receptors, ERa had a 
greater neuroprotective effect in mice knock out models whereas ERP mediated apoptosis 
in neuronal cells. Additionally, experiments performed by Wang et. al., (2001), 
discovered significant neuronal loss in the brains of ErPKO mice. 
Phytoestrogens 
Some phytochemicals are postulated to be endocrine disrupters and have the 
ability to mimic the physiological effects of steroid hormones, specifically estrogen. A 
group of endocrine disrupters which has been studied extensively are the phytoestrogens 
(Adlercreutz, 1997; Knight and Eden, 1996; Setchell, 1999; Vincent and Fitzpatrick, 
2000; Patisaul et al., 2002; Faqi et al., 2004; Lephart et al., 2002,2004; Weber et al., 
2001; Casanova et al., 1999). 
Phytoestrogens are non steroidal, diphenolic structures found in many plants that 
have the capacity to bind estrogen receptors and are abundant in fmits, vegetables, 
legumes, whole grains and especially flaxseed, clover and soy products. They have many 
similar physiochemical and physiological properties to that of estrogen (Weber et al., 
2001). On the other hand, soy isoflavones mixtures have been employed for cancer 
prevention (Faqi et al., 2004) and genistein (one of the primary soy isoflavones) has been 
identified as a potent tyrosine kinase inhibitor that modulated tissue differentiation, cell 
proliferation, growth and development of neoplasia in several target organs. Genistein 
and several other isoflavones and their metabolites have induced apoptosis in cancer cells 
(Faqi et al., 2004). Isoflavones may also be involved in the prevention and alleviation of 
menopausal symptoms as well as inhibition or delay of cardiovascular disease (Faqi et 
al., 2004). In addition to its positive effects, consumption of phytoestrogens may also be 
associated with brain aging. Experiments performed by White et al., (2000) indicated that 
regular dietary exposure to soy isoflavones over nine years during middle life (age range 
55-74) may be associated with the appearance of accelerated brain aging in later life. 
Alternatively, further investigations reported that estrogen replacement therapy (ERT), 
when given to postmenopausal women who were no longer able to produce estrogen, 
resulted in a decreased risk of Alzheimer's disease and dementia. Previous research also 
indicated the role of phytoestrogens in memory and cognition, more specifically, visual 
spatial memory. As a result of their ability to successfully mimic the actions of 
endogenous estrogens, rodents fed a diet rich in phytoestrogen and exposed to radial arm- 
maze methods experienced an increase in estrogen receptor expression in brain structures 
critical to visual spatial memory such as the cortex, amygdala, hippocampus and 
cerebellum (Lund et al., 2001). 
CHAPTER I11 
MATERIALS AND METHODS 
Specific Aim One: To determine the expression and distribution pattern of estrogen 
receptors in the brains of male Syrian hamsters. 
Rationale: The purpose of this aim was to verify the appearance of estrogen receptors in 
the male Syrian Hamster brain. The goal was to successfully label estrogen receptor cells 
in the hamster brain. 
Experimental Design 
Tissue Procurement 
Adult male Syrian hamsters purchased from Charles River Laboratories 
(Wilmington, MA) were single housed (n=20) and divided into two groups: (1) the 
standard soy-based 5001 animal diet (phytoestrogen) and (2) the 5K96 casein-based diet 
(phytoestrogen-free). The phytoestrogen diet (PE) contained 460 ppm total isoflavone 
and the phytoestrogen free (PE Free) diet contained less than lppm total isoflavones. The 
hamsters remained on the designated diets for 3 weeks in a 14-h light, 10-h dark cycle. At 
the end of the third week, animals (n=12,6 PE and 6 PE FREE) were given an overdose 
of pentobarbital (Sodium Nembutal50 mg/ml)and then perfbsed transcardially with 200 
ml of 0.9% saline solution which was followed by 300 ml of 4% paraformaldehyde. 
Brains were removed and placed in a 30% sucrose solution until ready to be sectioned. 
The remaining animals (n=8,4 PE and 4 PE FREE) were given an overdose of 
pentobarbital (Sodium Nembutal50 mglml), sacrificed, and the brains were removed 
immediately and placed on dry ice for subsequent protein extraction. 
Immunohistochemistry 
Brains placed in 30% sucrose solution were removed and cut on a cryostat into 
40pm sections in the coronal plane. Sections were collected in 12 well plates containing 
phosphate buffered saline (PBS, pH 7.4) and subsequently treated with sodium 
borohydride (50 ml PBS, 0.1 g NaBH4) for 20 minutes to reduce the aldehyde fixative. 
After rinsing for 15 minutes (3 x 5 min) in PBS, sections were incubated in normal goat 
serum (PK-4001; Vector Laboratories) for 1 hour. Sections were then rinsed in PBS for 
15 minutes (3 x 5 min) followed by incubation with primary antibody either anti-estrogen 
receptor a ((C13.55) 06-935; Upstate Biotechnology) diluted (1:4000) in PBS or 
polyclonal anti-estrogen receptor P (06-629; Upstate Biotechnology) diluted (1 : 1000) in 
PBS at room temperature overnight. Following antibody treatment, sections were rinsed 
for 15 minutes (3 x 5 min) in PBS followed by sequential incubations in quench buffer 
(25 ml H202, 25 ml Methanol) for 20 minutes, biotinylated secondary antibody for 1 
hour, ABC reagent -30 minutes (PK-4001; Vectastain ABC Kit, Vector Laboratories) 
and 3,3 '-diaminobenzidine according to manufacturer's instructions (SK-4 100; Vector 
Peroxidase Substrate Kit, Vector Laboratories). Sections were then mounted on glass 
slides, cover slips were placed over each slide with mounting medium. 
Image Analysis 
Sections were observed by using an Olympus PX40 microscope equipped with a 
cooled spot cc12 camera (Olympus America, Inc.) interfaced to a Sony computer to 
observe the expression of estrogen receptors throughout the brain. 
Sample preparation 
Brains from 4 PE and 4 PE FREE hamsters were cut at 400 microns using a 
vibrotome. These sections were then cut using scalpels and placed in lml RIPA buffer. 
This homogenization buffer (RIPA) contained 790 mg Tris base, 900 mg NaCl pH 7.4, 
10 ml 10% NP-40,2.5 ml 10% Na-deoxycholate, 1 ml 100 mM EDTA. Sections were 
then centrifuged for 30 minutes at 4OC and 14,000 g. A 1:' dilution of supernatants and 
dHzO were obtained and used for protein assay with bovine serum albumin as the 
standard. 
Protein Assay 
Protein concentrations of the homogenates were determined using the W8 
Bradford Assay. Cuvettes were labeled in duplicates and 25 yl of each sample along with 
1.25 ml dye (500-0006; Biorad) were added and vortexed. Samples were incubated at 
room temperature and absorbance measured at 595 nm using a Spectramax 340 PC. 
Calculations obtained from the Bradford assay were used to determine the amount of cold 
acetone and protein to add to each centrifuge tube. These tubes were then centrifuged for 
10 mins at 14,000 g and 4"C, supernatants were poured off and 20 y1 of 1X sample buffer 
were added to each sample. Samples were vortexed and placed in a dry bath for 5 
minutes. 
SDS-PAGE 
Samples were applied to mini-gels containing an acrylamide gradient fi-om 4-20% 
(w/v) polyacrylamide (1 6 1 - 15 1 1 ; Biorad) and blotted onto PVDF membranes (1 62-02 15; 
Biorad). Membranes were washed for 10 minutes (2 x 5 min) in TBS containing 0.1% 
Tween-20 (tTBS), and then left in transfer buffer overnight. The following day 
membranes were blocked in tTBS containing 5% (wlv) skimmed milk powder 
(Carnation) for 2 hours at room temperature. Primary antibodies were diluted in tTBS 
(anti-estrogen receptor a ((C 1355) 06-9.35; 1 : 1000, anti-estrogen receptor P (06-629; 
1 : 1000, mouse anti-alpha tubulin (TU-02) 1 :8000) and incubated overnight at 4OC. The 
next day membranes were washed in tTBS for 10 minutes (2 x 5 min). Secondary 
antibodies, goat anti-mouse (PI 3 1460) for anti-alpha tubulin and goat anti-rabbit 
(PI3 1460) for both anti-estrogen receptor alpha and beta (VWR International) were 
diluted 1 :4000 in tTBS and incubated on the membranes for 1 hour at room temperature. 
Membranes were washed thoroughly in tTBS for 2 hours (12 x10 min) and bound 
antibodies were detected using chemiluminescence (1 70-5040; Biorad) and visualized by 
X-ray film (Kodak). 
Specific Aim 2: To determine the degree of estrogen receptor alteration in the brains of 
male Syrian hamsters on the PE and PE Free diets. 
Rationale: The purpose of this aim was to determine the effect of dietary exposure to 
phytoestrogens on estrogen receptor expression in the brain. The goal was to successfully 
label the estrogen receptors expressed in response to diet manipulation. 
Experimental Design 
Immunohistochemistry 
In order to observe the degree of expression of both estrogen receptors, an 
irnrnunoreactive procedure was performed. The use of both estrogen receptor alpha and 
beta antibodies were used as mentioned previously to properly label imrnuno-positive 
cells. Brain sections were counterstained using DAPI nucleic acid stain (1 : 1000) (D9564; 
Sigma) in antibody diluent after application of the secondary antibody for 10 minutes in 
order to observe viable cells. Nuclear labeling was visualized using a fluorescence 
microscope (Olympus LD-PS2) equipped with the appropriate filters for DAPI dye. 
Specific Aim 3: To identify the estrogen receptor with the greater degree of expression in 
the brain of male Syrian hamsters. 
Rationale: The purpose of this aim was to determine the impact of diet on estrogen 
receptor activity in the brain. The goal was to determine whether diet favors the 
expression of ERa over ERP. 
Experimental Design 
Image Analysis and Cell Enumeration 
Sections were observed using an Olympus PX40 microscope equipped with a 
cooled spot cc12 camera (Olympus America Inc.) interfaced to a Sony computer to 
observe the expression of estrogen receptors throughout the brain. Both ERa and ERP 
imunoreactivity were quantified by cell counting using the Microsuite Biological Suite 
software. Six brains from each group (PE and PE Free) were selected and both PE and PE 
Free sections were best-matched to count ER-immunoreactive cells. This method aided in 
identifying and distinguishing the diet with the greater expression of estrogen receptors. 
Cell counts were also used to verify the estrogen receptor with the greater degree of 
expression throughout the brain. 
Statistical Analysis 
Data was expressed as mean It SE. Statistical differences were analyzed using 




Brain Localization of Estrogen Receptors a and in Male Hamsters 
There was a wide spread distribution of estrogen receptors throughout the brain of 
male hamsters (Table 1). Alpha and Beta Estrogen receptors were observed, for example, 
in the cortex, the hippocampus, the hypothalamus, the thalamus and the amygdala. 
Table 1. The Major Sites of Estrogen Receptor Expression Throughout 
Male Syrian Hamster Brain. 
Site of Receptor Expresson (n = 20) Receptor Type Expression 
-Lateral Posterior Thalamic Nucleus ERa /ERP 
-Ventromedial Thalamic Nucleus ERa IERP 
-Lateral Hypothalamic Area ERa /ERP 
-Ventromedial Hypothalamic Nucleus ERa IERP 
-Medial Preoptic Area ERa /ERP 
-Anterior Cortical Amygdaloid Nucleus ERa /ERP 
-Medial Amygdala ERa /ERP 
-Piriforrn Cortex ERa /ERP 
-Motor Cortex ERa /ERP 
-Primary Somatosensory Cortex ERa /ERP 
-CAI ERa /ERP 
ERa /ERP 
ERa IERP 
Manual counts of both estrogen receptors were performed to determine 
irnmunopositive cells located within various regions of the brain (Table 2). The relative 
abundance of immunoreactive nuclei was indicated by the intensity of staining using the 
following scale: - (absence or very low intensity of stain; 0-25 cell nuclei), + (low 
intensity of stain; 26-50 cell nuclei), ++- (medium intensity of stain; 5 1-85 cell nuclei), 
+++ (high intensity of stain; 86 and up cell nuclei). 
Table 2. Distribution of ERa and ERP Imrnunoreactive Cells Within the Brain or 
Male Syrian Hamsters on the PE Free and PE Diet. 
Intensity of Labeled Cells 
Brain Region PE FREE PE FREE PE ERa PE ERB 
N= 12 ERa ERP 
-Lateral Posterior Thalamic +++ +++ - - 
Nucleus 
-Ventromedial Thalamic +++ +++ - - 
Nucleus 
-Lateral Hypothalamic Area +++ +++ - 
-Ventromedial Hypothalamic ++ ++ - - 
Nucleus 
-Medial Preoptic Area ++--I- +++ + + 
-Anterior Cortical Amygdaloid +++ +++ + + 
Nucleus 
-Medial Amygdala ++ ++ ++ 
-Firifom Cortex + +++ - - 
-Motor Cortex +-I- ++ + + 
-Primary Somatosensory Cortex ++ +++ + u 
-CAI + - + ++ 
-Dentate Gyrus ++ ++ - ++ 
In the brains of animals on the PE Free diet, there appeared to be a greater 
intensity of estrogen receptors in the thalamus, especially in those regions of the lateral 
posterior thalamic nucleus and the ventromedial thalamic nucleus (Table 2). In the lateral 
hypothalamic area, ventromedial hypothalamic nucleus and the medial preoptic area of 
the hypothalamus, there was medium to high intensity staining in animals on the PE Free 
diet. The anterior cortical amygdaloid nucleus and the medial arnygdala also revealed 
medium to high intensity staining of estrogen receptors (Table 2). In the piriforrn cortex 
and motor cortex there was only medium staining obtained for both estrogen receptors. In 
the primary somatosensory cortex, ERP had high intensity staining compared to ERa in 
animals on the soy free diet. The CA1 region of the hippocampus had no staining for ERP 
and low intensity staining for ERa. The CA2 region had high intensity staining for ERP 
and low intensity staining for ERa. At the same time, the CA3 and dentate gyrus regions 
of the hippocampus had high intensity of positive staining for both receptors in animals 
on the PE Free diet (Table 2). 
In comparison, the regions of the thalamus and hypothalamus (including the 
lateral posterior thalamic nucleus, the ventromedial thalamic nucleus, the lateral 
hypothalamic area and the ventromedial hypothalamic nucleus) revealed either no or very 
little positive staining of both receptors in the brains of animals on the PE diet. The 
medial preoptic area also revealed low intensity staining of both receptors. In the cortex 
region only the motor cortex and the primary somatosensory revealed positive staining 
with low intensity staining for ERa positive cells in both regions and low to medium 
intensity staining for ERP. Finally, ERa in the CA2, CA3 and dentate gyrus of the 
hippocampus revealed a lack of positive staining with low intensity staining in the CAI 
region. There was medium to high stain intensity in the CAI, CA2, CA3 and dentate 
gyms regions of the hippocampus for ERP (Table 2). Overall, there appeared to be a 
higher expression of estrogen receptors in the brains of animals on a PE Free diet. 
Influence of Diet on the Expression of Estrogen Receptors in Male Hamsters 
A comparative analysis of the distribution of estrogen receptors in the brains of 
animals on the PE Free and PE diet is shown in Tables 3 and 4. Brain sections were best 
matched to count ER irnmunoreactive (ir) nuclei. In animals on the PE Free and PE diet, 
the results revealed that ERP receptors were more expressed than ERa. Additionally, 
animals on the PE Free diet experienced a higher expression of ERa in the areas of the 
thalamus (ventromedial thalamic nucleus), hypothalamus (lateral hypothalamic area, 
ventromedial hypothalamic nucleus) and amygdala (anterior cortical amygdaloid nucleus) 
(Table 3). For each comparison, a Student's t test was performed to determine any 
statistical differences between ERs in the specified areas of the brain. Results revealed 
that animals on the PE Free exhibited a significant statistical difference between the 
receptors in all regions of the brain except the medial amygdala which displayed no 
significant difference between the receptors (Table 3). 
Table. 3. Cell Count of ERa and ERP Immunoreactive Cells Within the Brain 
of Male Syrian Hamsters on the PE Free Diet 
Brain Region ERa AVWSTD ERP AVG-+STD P-VALUE T-VALUE 
Lateral Posterior Thalamic 206.7s4.55 292k6.6 0.0001 26.0736 
Nucleus 
-Ventromedial Thalamic 21 3.2h2.79 1 29k3.74 0.0001 44.1 896 
Nucleus 
-Lateral Hypothalamic Area 2 0 7 3 3  -39 175.8k3.87 0.0001 1 5.0775 
-Ventromedial Hypothalamic 82.7k4.13 71.8k2.32 0.0002 5.6026 
Nucleus 
-Medial Preoptic Area 109.743.33 167.3k2.8 0.0001 32.4629 
-Anterior Cortical 242.2k6.79 210.3k6.77 0.0001 8.128 
Amygdaloid Nucleus 
-Medial Amygdala 63k6.1 68s4.86 0.1 127" 1.739 
-Piriform Cortex 27.3k2.58 97.5k2.74 0.0001 45.664 
-Motor Cortex 79k5.35 71s2.37 0.0059 3.4871 
-Primary Somatosensory 72.81t3.3 1 89h2.37 0.0001 9.7292 
Cortex 
-Dentate Gyrus 55.5k3.62 73.2k3.3 1 0.0001 8.821 1 
Mean k SE 
" No statistical significant difference (p > 0.05; Student's t-test) 
Student's t test was also performed using data obtained from cell counts in 
animals on the PE diet (Table 4). Results revealed that there was a significant difference 
between receptors in all regions of the brain except in the CA1 field of the hippocampus 
which displayed no significant difference between receptors (Table 4). 
Table. 4. Cell Count of ERa and ERP Imrnunoreactive Cells Within the Brain 
of Male Syrian Hamsters on the PE Diet 
Brain Region ERa A V a S T D  ERB A V e S T D  P-VALUE T-VALUE 
-Lateral Posterior Thalarnic 2.23k1.83 5*2.37 0.0429 2.3177 
Nucleus 
-Ventromedial Thalamic 12.8*4.07 19.7h3.33 0.0098 3.1841 
Nucleus 
-Lateral Hypothalamic Area 2.3k 1.63 6k3.4 1 0.0388 2.3779 
-Ventromedial Hypothalamic 12.3*2.8 19.2j~2.32 0.001 4.6012 
Nucleus 
-Medial Preoptic Area 32.3*2.8 42.3k3.08 0.0002 5.8835 
-Anterior Cortical 32.3*3.2 45jz3.16 0.0001 6.892 
Amygdaloid Nucleus 
-Medial Amygdala 4.2ik2.86 10.211.47 0.001 4.572 
-Motor Cortex 25.7*4.13 34.333.01 0.002 4.1527 
-Primary Somatosensory 34.8*2.93 62.813.31 0.0001 16.9878 
Cortex 
-Dentate Gyrus 11.2h2.64 5313.41 0.0001 23.78 1 1 
Mean * SE 
* No statistical significant difference (p > 0.05; Student's t-test) 
The distribution of ERa and ERP profiles were charted with the aid of an 
Olympus PX40 microscope equipped with a cooled spot cc12 camera. For the description 
of the different nuclei in the Syrian hamster brain, the nomenclature described in the 
Atlas of the Golden Hamster Brain was followed. 
Hypothalamus.: There were a few lightly labeled receptors seen in the lateral 
hypothalamic area, medial preoptic area and very little labeled receptors in the lateral 
hypothalamic area of animals on the PE diet. However, in the lateral hypothalamic area 
of animals on the PE Free diet, there were more positively labeled ERa cells in 
comparison to ERP cells (Figs. 3 0  and 3R). 
Amygdala: In the anterior cortical region, there were numerous intensely stained 
ERa ir nuclei in animals on the PE Free diet compared to the few labeled ERa ir nuclei in 
animals on the PE diet (Figs. 3B and 3P). However, there were just as many ERP ir nuclei 
present in the anterior cortical regions ofanimals on the PE Free diet. In addition, there 
were also a few ERa and ERP labeled nuclei scattered in the medial amygdala in animals 
on the PE diet. 
Cortex,, Labeled nuclei were observed in the motor cortex, piriforrn cortex and 
primary somatosensory cortex of animals on the PE Free and PE diets (Figs. 3,4,5,6). 
Scattered ERa ir was observed in the pirifom cortex of animals on the PE diet. There 
was also moderate staining of both receptors in the primary somatosensory cortex in 
animals on the PE Free diet. 
Hippocampus. Very little ERa nuclei were seen in the CA2 region of the 
hippocampus in animals on the PE and PE Free diet (Figs. 4 F  and 4 9  Moderate stained 
nuclei was seen in the CAI regions of ERP in animals on both diets (Figs. 4E and 4 9 .  
ERa Expression in Various Regions of the Male Syrian Hamster Brain 
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Fig 3. Photomicrographs comparing estrogen receptor a expression in the brains of 
male Syrian hamsters on the PE diet (A, B, C, D) and PE Free diet (0,  P, Q, R). (A) 
and (0)  sections showing ERa ir nuclei in the lateral posterior thalamic nucleus 
(LP). (B) and (P) sections showing ERa ir nuclei in the anterior cortical 
amygdaloid nucleus (ACo).. (C) and (Q) sections showing ERa ir nuclei in the 
motor cortex (M). (D) and (R) sections showing ERa ir nuclei in the lateral 
hypothalamic area (LH). Magnification = 10X; Scale Bar = 200 pm 
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Fig 4. Photomicrographs comparing estrogen receptor a expression in the brains of 
male Syrian hamsters on the PE diet (E,F, G) and PE Free diet (S, ,T, U). (E) and (9 
sections showing ERa ir nuclei in the CAI region of the hippocampus. (F) and (T) 
sections showing ERa ir nuclei in the CA2 region of the hippocampus. (G) and (U) 
sections showing ERa ir nuclei in the piriform cortex (Pir).. Magnification = 10X; Scale 
Bar = 200 pm 
Thalamus.: In the thalamus, receptor localization was seen in the lateral posterior 
thalamic nucleus, ventromedial nucleus as well as the parafascicular thalamic nucleus. 
Within the thalamus the heaviest concentration of ERJ3 irnmunoreactive cells was seen in 
the lateral posterior thalamic nucleus in animals on the PE Free diet (Fig. 5 V). There was 
also moderate expression of ERa ir cells in the ventromedial thalamic nucleus in animals 
on the PE Free diet compared to those on the PE diet. 
ERP Expression in Various Regions of the Male Syrian Hamster Brain 
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Fig 5. Photomicrographs comparing estrogen receptor f3 expression in the brains of 
male Syrian hamsters on the PE diet (8 I ,  J ,  K) and PE Free diet (y, W, Y). (H) and 
(V) sections showing ERP ir nuclei in the lateral posterior thalamic nucleus (LP). (I) 
and (W) sections showing ERP ir nuclei in the anterior cortical amygdaloid nucleus 
(ACo). (4 and (3 sections showing ERP ir nuclei in the motor cortex (M). (K) and (Y) 
sections showing ERP ir nuclei in the lateral hypothalamic area (LH). Magnification = 
10X; Scale Bar = 200 pm 
Hippocampus.: There was a distinct difference in labeled nuclei seen in animals on 
the soy diet, with more positively labeled ERP nuclei (Figs. 6L9 6M9 6 2  and 6A") 
compared to ERa. 
ERP Expression in Various Regions of the Male Syrian Hamster Brain 
Fig 6. Photomicrographs comparing estrogen receptor expression in the brains of 
male Syrian hamsters on the PE diet (L, M N) and PE Free diet (Z, A *, B 7 .  (L) and (Z) 
sections showing ERP ir nuclei in the CA2 region of the hippocampus. (M) and (A*) 
sections showing ERP ir nuclei in the CAI region of the hippocampus.. (N) and (B*) 
sections showing ERP ir nuclei in the piriform cortex (Pir).. Magnification = 1 OX; 
Scale Bar = 200 p.m. 
Brain sections of animals exposed to the PE diet were stained using DAPI nucleic 
acid stain (1 : 1000) in order to observe viable cells and nuclear labeling was visualized 
using a fluorescence microscope. Sections observed were the CAI hippocampal region 
and the lateral posterior thalamic region. Results revealed that exposure to a PE diet had 
no toxic effect on estrogen receptor expression in the brain (Fig 7). 
DAPI Expression in the Hamster Brain 
Fig 7. Photomicrographs comparing DAPI staining in the brains of male Syrian 
hamsters on the PE diet (C*, D*, E*, F*). Nuclei staining shown in the CAI region of 
the hippocampus and the lateral posterior thalamic nucleus (E*) and (F*) (LP). 
Magnification = 1 OX; Scale Bar = 200 pm. 
Expression of ERa and ERP by Immunoblotting 
Western blot results revealed that of the two ERs, ERP had the greatest expression 
and also implied that it has the greatest affinity for phytoestrogens. Further results 
revealed that animals on the PE Free diet experienced an up regulation of ERP ir nuclei 
compared to those animals on the PE diet. The regions of the cortex, thalamus and 
arnygdala in hamsters on the PE Free diet (Fig. 7) displayed a much greater expression of 
ERP ir nuclei compared to animals on the PE diet (Fig 8). However, ERP ir nuclei 
expression in the hypothalamus of animals on the PE Free diet appeared to be down 
regulated in comparison to its expression in the hypothalamus of those animals on the PE 
diet. (Fig. 8). 
ERP Expression in the Brains of Male Syrian Hamsters on the PE Free and PE Diet. 
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Figure 7. Western Blot showing expression of ERP in the cortex (C), thalamus 
(T), amygdala (A), and hypothalamus (H) in the brain of Syrian hamsters on a 
PE Free diet. 
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Figure 8. Western Blot showing expression of ERP in the cortex (C), thalamus (T), 
amygdala (A), and the hypothalamus (H) in the brain of Syrian hamsters on a PE 
diet. 
Further analysis uncovered that animals on the PE Free diet had an elevated 
expression of ERa in the cortex (Fig. 9). There appeared to be very little expression of 
the ERa isoform in the thalamus and hypothalamus of animals on the PE Free diet. 
Nonetheless, in the amygdala the intensity of this protein was only slightly greater in 
comparison to the thalamus and hypothalamus (Fig. 9). In animals on the PE diet, there 
was very weak expression of ERa in the cortex and amygdala and medium expression in 
the thalamus (Fig. 10). The band with the greatest intensity was seen in the hypothalamus 
and similar to ERP expression, there was higher expression of the protein observed in the 
animals on the PE diet rather than the PE Free diet (Figs. 9 and 10). In comparing ERP 
and ERa expression in animals on the PE diet, there was a higher expression of ERP 
observed in the cortex, amygdala and hypothalamus with down regulation of ERP 
observed in the thalamus of PE fed animals (Figs. 8 and 10). 
ERa Expression in the Brains of Male Syrian Hamsters on the PE Free and PE Diet. 
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Figure 9. Western Blot showing expression of ERa in the cortex (C), thalamus (T), 
amygdala (A), and hypothalamus (H) in the brain of Syrian hamsters on a PE Free diet. 
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Figure 10. Western Blot showing expression of ERP in the cortex (C), 
thalamus (T), amygdala (A), and hypothalamus (H) in the brain of Syrian 
hamsters on a PE diet. 
CHAPTER V 
DISCUSSION 
The importance of estrogen receptors have been widely discussed (Pettersson and 
Gustafsson, 2001; Lephart et al., 2000; Gustafsson, 1999; Shughrue et al., 1997; Simerly 
et al., 1990; Lauber et al., 1991 ; Shughrue and Merchenthaler 2001; Osterlund et al., 
1998; Gundlah et al., 2000; Simon et al., 2004; Wang et al., 2001; Weber et a1 2001; 
Maclusky et al., 1985) and investigations on its expression have been studied in 
laboratories using a number of techniques including immunolocalization (Taylor and Al- 
Azzawi, 2000; Mitra et al., 2003) western blots (Bukovsky et al., 2003) and in situ 
hybridization studies (Simerly et al., 1990), all of which demonstrate an extensive 
distribution of these receptors throughout the body. 
In the present study, the investigator examined whether dietary phytoestrogens, 
affected the expression of estrogen receptors throughout the brain in male Syrian 
hamsters. The results revealed a widespread distribution of both ERa and ERP-ir nuclei. 
Positive receptor expression was seen in the regions associated with the limbic system. 
These areas included the arnygdala, the hypothalamus, the thalamus, the hippocampus 
and the cerebral cortex. According to the results obtained from immunohistochemistry 
and western blots, there appeared to be a higher expression of ERs in animals subjected 
to the PE Free diet. 
Comparisons between animals on the PE and PE Free diets revealed a higher affinity of 
dietary phytoestrogens to that of the ERP ir nuclei. ErP ir nuclei appeared to be the most 
abundant in the hypothalamus and thalamus. In contrast, there were few variations in the 
thalamic and hypothalamic regions. This included those areas of the ventromedial 
thalamic nucleus, ventromedial hypothalamic nucleus and lateral hypothalamic areas 
which displayed a higher localization of ERa ir nuclei in animals on the PE Free diet as 
well as in the anterior cortical amygdaloid nucleus and CAI regions of the amygdala and 
hippocampal regions respectively. In animals on the PE diet, there was also a variation in 
the CA2 region of the hippocampus where there was a higher expression of ERa 
compared to ERP ir nuclei. 
Previous findings revealed an abundance of ERP ir nuclei compared to ERa ir 
nuclei in the human forebrain (Osterlund et al., 2000) and the mouse brain (Mitra et al., 
2003). This present study supported previous work that focused on receptor localizations 
found in the above mentioned brain regions, but using a different model; the Syrian 
hamster brain and expanded on the premise that estrogenic potency of phytoestrogens is 
significant for ERP expression. This investigation also expanded on experimental 
evidence presented by Moore et al., (2004), which revealed that these estrogen-like 
molecules in plants had neurobehavioral effects on intermale aggression through the 
action of testosterone. Those results demonstrated higher levels of testosterone in the 
blood plasma of hamsters on the PE diet as well as higher levels of aggressive behavior 
due to an up-regulation of VIARs in the brain. This increase in testosterone levels in 
animals on the PE diet suggested that there was an increase in the action of the aromatase 
enzyme on estrogen conversion. This action leads to a decrease in estrogen and its 
receptors thus leaving little or no receptors available. Results from the above mentioned 
investigation also suggests that it is possible that dietary phytoestrogens reach the brain 
and alter the expression of estrogen receptors. 
Results obtained from this research also indicated that exposure to dietary 
phytoestrogens, leads to a down regulation of estrogen receptors. An abundance of 
circulating estrogens resulted in competition between endogenous and exogenous 
estrogens (phytoestrogens) in the brains of animals on the PE diet causing the reduction 
of available receptors. DAPI staining was performed and revealed that exposure to PE did 
not have toxic effects on the receptors as substantiated by the positive staining of viable 
cells throughout the brain. 
As a result of these widespread actions throughout the central nervous system, 
the localization of these estrogen receptors indicated that estrogen played an essential role 
in our everyday lives. Some of these functions include the regulation of arousal and the 
level of awareness and activity (thalamus); the control of hunger, thirst and body 
temperature (hypothalamus); aggression and emotion (amygdala) as well as in memory 
and cognition (hippocampus) (Deroo and Korach, 2006). 
Many neurodegenerative diseases (including Parkinson's disease and Alzheimer's 
disease as well as brain injury caused by stroke) which plague our society result in the 
deterioration and eventual loss of many of the functions that allow us to survive in 
everyday life. These diseases lead to the deterioration of memory and spatial skills, 
emotions, awareness an increase in aggressive behaviour. Since these functions are 
controlled by various regions of the brain which are concentrated with estrogen receptors, 
it suggests that there maybe a correlation between diet manipulation and possible cures 
for these ailments. Although estrogens are now being considered as versatile messengers 
to many regions of the brain (Deroo and Korach, 2006), regardless of supporting 
evidence from animals, the use of estrogen treatment to reduce nemodegenerative 
diseases still remains irresolute. 
For many years, estrogen and progesterone hormones have been used in hormone 
replacement therapy (HRT) to alleviate the symptoms associated with surgically 
menopausal, perimenopausal and postmenopausal women. However, recent studies have 
shown that exposure to estrogen only as well as estrogen progestin hormone replacement 
therapy has led to an increase in the risk of breast cancer (Deroo and Korach, 2006). 
Given the findings presented here, isoflavone phytoestrogens and other classes of 
phytoestrogens may be utilized to explore the individual and specific roles of ERs in the 
prevention of breast and other hormone related cancer as well as in experimental research 
on the brain. 
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